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Abstract: Labels as a graphic product are important for information in declarations, especially for languages of smaller nations. Labels are increasingly required together 
with their ever more complicated technical performance, one of them being the desire to adapt the text to blind or partially sighted users. We therefore tested the possibility 
of using a declaration text in black with overprinted Braille cells with no or minor influence on legibility. The research was performed by analyzing the influence of printed 
cells on the achromatic halftone reproduction. The prints of the text and the overprinted Braille cells were made with a UV LED inkjet printer. Two different typefaces in two 
different sizes suitable for labelling were tested. The color properties were determined colorimetrically and the differences in the typographic tonal density of typefaces were 
measured with an image analysis. The legibility research was performed with the help of observers who read the plain printed text and the printed text in combination with 
overprinted Braille cells made with varnish. The results showed that an appropriate typeface and type size can reduce the influence of overprinted Braille on text legibility. 
 





In packaging design, self-adhesive labels have an 
important role for declarations, especially for languages of 
smaller nations. To protect and conserve goods, they used 
to be in most cases wrapped into cardboard or stored into 
cans. In the past decades, the impact of packaging design 
and appropriate labelling has increased, influencing and 
directing people's purchasing decisions [1, 2]. On the other 
hand, packages need to contain information which 
communicates [3] how to appropriately store and use the 
product, and how to transport or recycle the package. Many 
packages, especially in the pharmaceutical industry, also 
require the text in Braille format to inform blind or partially 
sighted users [4-7]. Frequently, Braille characters appear 
over the text for sighted users. The most commonly used 
technique is paper or cardboard embossing [8]. Due to the 
thickness and dimension of the surface of labels being 
small, Braille letters cannot be made using a standard 
embossing technique, but the TRUCT (transparent-
resinous-ultraviolet-curing-type) method [9], a multilayer 
screen or UV inkjet printing technology. 
ISO standard 17351 [10] defines the Braille text height 
for pharmaceutical packaging (for medicines). A standard 
procedure of measuring Braille dots is performed with a 
micrometer calibrated with a spring (loaded force of not 
less than 0,5 N on three points of printed text). For medical 
products made in inkjet and screen printing technology, the 
cell dot height should be 0,20 mm with no more than 5% 
of Braille cell dots measuring less than 0,12 mm. A more 
accurate measurement method is based on measuring the 
Perthometer profile [11]. 
A substantial amount of research on legibility shows 
its importance [12-14] for a good presentation of visual 
information to people with normal or corrected-to-normal 
vision. Attention needs to be paid to a number of 
typographic characteristic to make a text more legible, i.e. 
counter shape, x-height, ascender, descender, serifs, stroke 
weight, set width, type size, leading etc. [15-17]. In the 
visualization of information, typographic tonal density (or 
typographic tonality) has a significant influence. The 
typographic tonal density of different typographic 
elements refers to the relative blackness or shades of grey 
of type on a printed area. It can be expressed as the relative 
amount of ink per square centimeter, pica or inch [18]. The 
changes in various type features can create variations in 
typographic tonal density [15, 19]. In a small type size, the 
differences in typographic tonal density that are influenced 
by the difference in stroke width are important [14, 20], 
since they have a great impact on text legibility. A thinner 
stroke width contains less ink per area and vice versa [14, 
19, 21]. Therefore, typefaces printed in smaller type sizes 
should have moderate x-height to ensure proper legibility 
[16, 17, 22, 23]. In this research, we were interested in the 
type sizes that are mostly used in declarations on labels, 
e.g. 6 and 8 pt.  
One of the non-impact printing (NIP) technologies the 
use of which is leading in many different areas of 
application is the inkjet technology [24, 25]. Additionally, 
it has become very useful in protecting printed products or 
improving their effects, e.g. with an extra varnish or even 
with more layers of varnish [26-28]. The UV printing and 
varnishing inkjet technology require more liquid ink and 
varnish (viscosity smaller than 0,5 Pas). Inks and varnishes 
thus have a higher content of diluents and a reduced content 
of epoxy resins. A typical UV cured black ink contains 
carbon pigments (1 - 5%), acrylate amine synergist (10 - 
20%), hexamethylene diacrylate hexane 1,6 diol diacrylate 
(25 - 35%), acrylic esters (30 - 40%), photosensitive 
monomers (10 - 20%) and phosphine oxide derivative (5 - 
15%) [29, 30]. The type and structure of the printing 
substrate plays an important role in the realization of a UV 
cured varnish. Rough and absorptive substrates only 
change the color tone, but not the gloss. The possibility of 
obtaining matt or gloss surfaces also depends on the 
settings of varnishing (i.e. possibility of defining varnish 
area in halftones) and on the activation number of UV 
lamps, e.g. two UV LED lamps with different activation 
periods can achieve either a matt or gloss surface [31-33].  
The aim of the research was to find out whether the 
varnish layers for Braille cells influence with their gloss 
properties the legibility of the text for the sighted. 
 
2 METHODS  
2.1 Substrate Properties  
 
The prints for the research were made on a white matt 
vinyl self-adhesive film (label foil). Before the printing, the 
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samples of label foil (substrate) were conditioned 
according to the ISO 187 standard [34], and their basic 
surface and optical properties were measured. Substrate 
thickness was measured according to the ISO 534 standard 
[35]. Specular gloss was measured in accordance with the 
ISO 2813 standard [36]. Brightness was measured 
according to the ISO 2470-1 standard [37]. Opacity was 
measured in line with the ISO 2471 standard [38]. The 
measured properties of the label foil are given in Tab. 1. 
 
Table 1 Properties of printing substrate vinyl self-adhesive film 
Properties Values 
Thickness / mm 0,80 
Gloss / % 8 
Brightness / % 94 
Opacity / % 100 
 
2.2 Colorimetric, Typographic and Braille Cell Properties of 
Prints 
 
Black and varnish prints were made with a piezo inkjet 
technology using an LED UV Inkjet LEC-300 (Roland, 
Japan). The used ECO UV EUV4 GL varnish was 
composed of acrylated amine synergist (10 - 50%), 
hexamethylene diacrylate hexane 1,6-diol diacrylate (25 - 
35%), acrylic esters (30 - 40%), other photo sensitive 
monomers (10 - 40%) and phosphine oxide derivative (5 - 
15%). The composition of the used black ink (ECO UV 
EUV4 BK) was identical to the UV black ink; however, it 
contained additional colorants (1 - 5% carbon pigments) 
[30]. In the original ink cartridge, the liquid viscosity was 
6 - 8 mPas.  
For varnish prints, we used 14 layers. The achieved 
height of varnish Braille cells was 0,172 mm. The model 
for measuring the profile of a typical Braille cell created 
with several layers was a Perthometer S8P (Pethen, 
Germany) (cf. Fig. 1). 
 
 
Figure 1 Braille cell G profile measured with Perthometer S8P 
 
Two different typefaces with differences in stroke 
width were tested, i.e. one old-style (Palatino) [21, 39, 40] 
and one transitional typeface (Times) [21, 39, 40], in two 
different sizes, i.e. 6 and 8 pt. The two serif typefaces were 
selected for our research as serifs improve legibility at 
small type sizes [41]. 
During the reproduction of achromatic halftone 
images, it is necessary to perform screening. In inkjet 
printing, this process was conducted using software Raster 
Image Processor (RIP) Wersawork. The test printing form 
consisted of two separations, i.e. black ink from 10 to 
100% tone value (TV) (with step of 10% TV) and varnish 
separation with multiplicate Braille cells. The test form 
was created with the Adobe InDesign software and saved 
as a PDF file. 
The CIE L*a*b* parameters of white prints were 
measured with a spectrophotometer eXact (X-rite, USA) in 
accordance with the ISO 13655 standard [42]. The color 
difference was calculated according to the CIE LAB 
DE2000 definition [43]. 
The typographic tonal density of typefaces was 





Various texts were printed in different typefaces in 
different sizes with and without overprinted Braille 
characters. Texts of popular science were used to avoid the 
influence of specific or unknown subjects to observers. The 
length of texts was between 559 and 1009 characters. The 
time needed to read 600 characters (in seconds) was 
calculated based on the time required for reading the whole 
text. To check the observers' recognition of the text, the 
proportion of correct responses to multiple-choice 
questions (with two-response alternatives) was examined.  
The observers (N = 20) were aged between 19 and 23 
years (M = 21,30 years, SD = 3,8) with normal or corrected-
to-normal vision. They read the texts at the same conditions 
of lighting and viewing distance. Each participant read all 
8 texts (2 typefaces × 2 sizes × 2 samples; i.e. with or 
without Braille cells), which were presented in random 
order to different participants to eliminate possible order 
effects. 
The influence of the typeface, type size and effect of 
overprinted Braille characters made with varnish on 
legibility was statistically analyzed with the IBM SPSS 23 
software. A three-way repeated measures analysis of 
variance with the time needed to read 600 characters as a 
dependent variable was performed. McNemar's tests were 
performed to investigate the influence of samples on 
observers' correct responses. Statistical hypotheses were 
tested at 0,001 alpha error rate. 
In the research, we wanted to establish how 
overprinted Braille cells with UV LED cured gloss varnish 
influence the legibility of printed information. 
Additionally, we were interested in the possibility of using 
a declaration text in black with overprinted Braille. We 
therefore compared the text legibility of overprinted Braille 
cells made with varnish with the legibility of plain prints in 
black. 
 
3 RESULTS AND DISCUSSION 
3.1 Colorimetric Properties of Substrate and Prints 
 
Fig. 2 depicts the CIE L*a*b* values of prints with 
100%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20% and 
10% tonal value (TV), while Fig. 3 shows the difference in 
CIE LAB DE2000 between the prints with Braille and 
without Braille. 
The obtained results show (cf. Fig. 2 and Fig. 3) that 
the substrate printed only with varnish (without the 
application of black UV LED inkjet ink) achieved a higher 
visual color change (DE = 4,5) (cf. Fig. 3). The reason for 
this deviation lies in b* coordinates (cf. Fig. 2), which was 
a result of a not perfectly dried, transparent UV LED 
varnish. The solid printed black tone was also 
homogeneous, whereas the low lightness value (L*) of 
black ink compensated for the yellowness of the UV LED 
curable varnish. The latter resulted in a smaller color 
change (DE = 2,28), which was visible with the naked eye. 
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Figure 2 CIE L*a*b* values of substrate (0% TV) and prints with 100%, 90%, 
80%, 70%, 60%, 50%, 40%, 30%, 20% and 10% tonal value (TV) with and 
without overprinted Braille cells 
 
 
Figure 3 CIE LAB DE2000 differences of substrate and prints with and without 
overprinted Braille cells 
 
By increasing the surface coverage (TV), the color 
difference between black prints and print samples 
overprinted with Braille cells reduced (cf. Fig. 3). The 
lowest DE value was achieved in the surface coverage with 
40% TV. The tonal value of 70% print coverage was 
similar to that of a patch with 40% TV. In this printing area, 
the relations between the printed and non-printed elements 
were similar. 
Nevertheless, in our case, the rule was inversely 
proportional. In the middle tone areas, the optical dot gain 
had the highest value. This fact also contributed to a higher 
tone difference. Darker, achromatic tones printed with UV 
inkjet printing were reproduced similarly. The tone 
deviations when printing Braille cells were mainly seen on 
chroma coordinates. By printing a standard black text, the 
integral density depended on the typeface and type size. 
 
3.2 Typographic Properties of Prints 
 
The typographic tonal density (TTD) of each typeface, 
each in different size, overprinted or not overprinted with 
Braille cells was measured. The samples of studied 
typefaces, 6 pt in size, overprinted with Braille characters 
are presented in Fig. 4. The prints with the typographic 
tonal density for each typeface in different size, 
overprinted or not overprinted with Braille are presented in 
Fig. 5. 
The results showed higher typographic tonal density at 
the transitional typeface Times (cf. Fig. 5). The old-style 
Palatino (cf. Fig. 4 and Fig. 5) does not show great 
differences between thick and thin strokes, while its 
counter size is relatively big. On the other hand, the 
transitional Times has evident differences between thick 
and thin strokes, and smaller counter size. Moreover, 
smaller type sizes give higher typographic tonal density 
than bigger type sizes. This was according to a smaller 
counter size of letters and leading also expected. 
 
 
Figure 4 Sample of typefaces Palatino (left) and Times (right) in size 6 pt 
overprinted with Braille cells 
 
According to the results (cf. Fig. 5), the influence of 
overprinted varnish Braille cells on typographic tonal 
density can be noticed. On average, a more substantial 
influence could be seen at the transitional Times, which is 
due to its smaller counter size. Furthermore, the influence 
of overprinted varnish was more evident at smaller type 
sizes. Nevertheless, the major difference in typographic 
tonal density appeared among type sizes, and not among 
the prints with overprinted and not overprinted varnish. 
 
 
Figure 5 Typographic tonal density (TTD) of tested typeface Palatino and Times 
in sizes 6 and 8 pt with and without overprinted Braille cells 
 
3.3 Legibility of Prints 
 
Fig. 6 - Fig. 9 show the influence of the used typefaces, 
type sizes, and varnish for the overprint on the speed of 
reading and number of correct responses. 
According to the results (cf. Fig. 6), the statistical 
analysis revealed that there was a significant effect of the 
typeface on the reading speed, F(1,19) = 19,44, p < 0,001. 
It indicated that participants spent more time reading the 
text in the Times typeface (M = 28,81 s, SD = 5,87) than 
the text in the Palatino typeface (M = 26,88 s, SD = 5,66). 
Additionally, the reading time was influenced by the 
typeface size (cf. Fig. 6), F(1,19) = 57,29, p < 0.001. It was 
longer for the text in 6 pt (M = 29,39 s, SD = 5,34) than the 
text in 8 pt (M = 26,30 s, SD = 5,91). At both sizes, the 
reading speed was faster at the old-style Palatino typeface. 
The Palatino letters have no very noticeable variations in 
stroke thickness, their counter size is bigger than Times' 
letter counter size, and their serifs are moderate. There was 
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a statistically significant effect of the overprinted Braille 
characters (cf. Fig. 7 and Fig. 8), F(1,19) = 380,79, p < 
0,001, suggesting that the texts with overprinted Braille 
characters were read more slowly (M = 32,71 s, SD = 3,45) 
than the texts without them (M = 22,99 s, SD = 2,94). The 
analysis did not indicate any significant interaction effect 
among all the other factors, which means that the 
overprinted Braille cells slowed the reading speed, 
regardless of the typeface or type size. 
 
Figure 6 Average reading time for different typefaces and sizes 
 
 
Figure 7 Average reading time for texts in 6 pt with and without overprinted Braille cells 
 
 
Figure 8 Average reading time for texts in 8 pt with and without overprinted Braille cells 
 
 McNemar's tests were performed to investigate the 
influence of the typeface, size and use of overprinted 
Braille characters on the participants' correct responses (cf. 
Fig. 9). Although the number of correct answers was higher 
for the text in the Palatino typeface (88,8%) than for the 
text in Times (86,3%), the difference between these two 
typefaces was not statistically significant, p = 0,82. 
Similarly, there was no significant difference among 
different typeface sizes, although participants provided 
more correct responses for the text in 8 pt (90%) than for 
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the text in 6 pt (85%), p = 0,42. In addition, despite 
participants giving more correct answers when reading the 
text without overprinted Braille characters (91,3%) in 
comparison to when it was overprinted (83,8%), this 








As labels are important for information on 
declarations, especially for languages of smaller nations, 
the printing quality and legibility of labels need to be taken 
into consideration. The aim of the research was to establish 
how overprinted Braille cells made with varnish influence 
legibility of printed information and if there is a possibility 
to use a declaration text with overprinted Braille. We 
compared the legibility of a text overprinted with Braille 
cells made with varnish with the legibility of prints with 
plain texts in black. 
The obtained results revealed that the most visible 
effect of Braille cells was observed on an unprinted 
substrate. Black prints overprinted with Braille achieved 
the smallest color difference in the tonal value of 40%. 
Also, black prints overprinted with Braille cells increased 
the value of typographic tonal density, which impeded the 
reading speed, especially at the smallest type size (6 pt). 
However, it seems that the legibility of a black text 
overprinted with Braille cells can be improved by choosing 
an appropriate typeface. The old-style typeface Palatino 
gave the best legibility results among the tested typefaces. 
The advantage is in its typeface design. This typeface has 
a moderate counter shape, which enables faster reading and 
consequently better legibility. The latter is especially 
noticeable at smaller type sizes. 
However, for the results to be even more relevant, 
more thorough research should be conducted also with 
elderly observers. 
Our results suggest that an appropriate typeface and 
type size can have a positive influence on the legibility of 
a text, even when overprinted with Braille characters. We 
therefore conclude that label declaration can be overprinted 
with Braille letters, giving information at the same time to 
people with normal or corrected-to-normal vision, and to 
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